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DISCLAIMER  NOTICE 

THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I  investigations.  Copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 

D.  C.  20314.  The  purpose  of  a  Phase  I  investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation  and  analyses  involving 
topograhic  mapping,  subsurface  investigations,  testing,  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of 
field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team. 

It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be 
incorrect  to  assume  that  the  present  condition  of  the  dam 
will  continue  to  represent  the  condition  of  the  dam  at  some 
point  in  the  future.  Only  through  frequent  inspections  can 
unsafe  conditions  be  detected  and  only  through  continued 
care  and  maintenance  can  these  conditions  be  prevented  or 
corrected . 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  guidelines,  the  spillway  design  flood  is  based 
on  the  estimated  "Probable  Maximum  Flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff) ,  or  fractions 
thereof.  The  spillway  design  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in  deter¬ 
mining  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  con¬ 
dition,  and  the  downstream  damage  potential. 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


ABSTRACT 


Upper  Castanea  Reservoir  Dam:  NDI  No.  PA-00393 


Owner: 

State  Located: 
County  Located: 
Stream: 

Inspection  Date: 
Inspection  Team: 


City  of  Lock  Haven 

Pennsylvania  (PennDER  I.D.  No.  18-7) 

Clinton 

Harvey ' s  Run 

21  April  1980 

GAI  Consultants ,  Inc . 

570  Beatty  Road 

Monroeville,  Pennsylvania  15146 


Based  on  a  visual  inspection,  operational  history,  and 
hydrologic/hydraulic  analysis,  the  dam  is  considered  to  be 
in  fair  condition. 

The  size  classification  of  the  facility  is  small  and  its 
hazard  classification  is  high.  In  accordance  with  the 
recommended  guidelines,  the  Spillway  Design  Flood  (SDF) 
ranges  between  the  1/2  PMF  (Probable  Maximum  Flood)  and  the 
PMF.  Due  to  the  high  potential  for  damage  to  downstream 
structures  and  possible  loss  of  life,  the  SDF  is  considered 
to  be  the  PMF.  Results  of  the  hydrologic  and  hydraulic 
analysis  indicate  the  facility  will  pass  and/or  store  only 
about  40  percent  of  the  PMF  prior  to  embankment  overtopping. 
A  breach  analysis  indicates  that  failure  under  less  than  1/2 
PMF  conditions  could  lead  to  increased  property  deunage  and 
possible  loss  of  life  in  the  downstream  reaches.  Thus, 
based  on  the  screening  criteria  contained  in  the  recommended 
guidelines,  the  spillway  is  considered  to  be  seriously  in¬ 
adequate  and  the  facility  unsafe,  non- emergency. 

It  is  recommended  that  the  owner  immediately: 

a.  Have  the  facility  evaluated  by  a  registered  pro¬ 
fessional  engineer  experienced  in  the  hydraulics  and  hydro¬ 
logy  of  dams  to  further  assess  the  discharge  capacity  of  the 
spillway  facilities  and  take  remedial  measures  deemed  neces¬ 
sary  to  make  the  facility  hydraulically  adequate. 
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UPPER  CASTANEA  RESERVOIR  DAM  -  ND1  No.  PA  00393 

b.  Proceed  with  the  proposed  plans  to  rehabilitate 
the  outlet  works. 

c.  Assess  the  status  and  operability  of  the  auxiliary 
blowoff  conduit  and  restore  and/or  provide  upstream  control. 

d.  Uncover  the  outlet  end  of  the  primary  blowoff  pipe 
and  assess  the  origin  and  extent  of  seepage  and/or  leakage 
at  this  location  during  the  rehabilitation  of  the  outlet 
works . 

e.  Provide  adequate  erosion  protection  of  the  left 
channel  wall  immediately  downstream  of  the  spillway. 

f.  Specifically  observe  the  saturated  area  along  the 
downstream  embankment  toe  near  the  left  abutment  in  all 
future  inspections. 

g.  Formalize  manuals  of  maintenance  and  operation  to 
ensure  proper  future  care  of  the  facility.  Included  in  the 
manuals  should  be  the  established  reservoir  monitoring 
procedures. 


GAI  Consultants,  Inc.  Approved  by: 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
UPPER  CASTANEA  RESERVOIR  DAM 
NDI#PA-00393,  PENNDER  #18-7 

SECTION  1 

GENERAL  INFORMATION 


1. 0  Authority . 

The  Dam  Inspection  Act,  Public  Law  92-367,  authorized 
the  Secretary  of  the  Army,  through  the  Corps  of  Engineers, 
to  initiate  a  program  of  inspection  of  dams  throughout  the 
United  States. 


1. 1  Purpose. 

The  purpose  is  to  determine  if  the  dam  constitutes  a 
hazard  to  human  life  or  property. 


1. 2  Description  of  Project. 

a.  Dam  and  Appurtenances.  Upper  Castanea  Reservoir 
Dam  is  a  2 7- foot  high  earth  embankment  approximately  274 
feet  long,  including  spillway.  The  facility  is  constructed 
with  a  free  overfall,  rectangular,  concrete  chute  channel 
spillway  located  at  the  right  abutment.  Discharges  are 
controlled  by  a  round  crested,  triangular  shaped  weir  struc¬ 
ture.  An  intake  tower  (currently  dilapidated,  but,  scheduled 
for  renovation)  is  located  near  the  axis  of  the  dam  on  the 
upstream  slope.  Drawdown  capability  is  provided  from  the 
tower  through  an  18- inch  diameter  cast  iron  pipe.  Auxiliary 
drawdown  may  be  available  through  a  12-inch  diameter  pipe 
that  originates  in  the  spillway  forebay;  however,  its  oper¬ 
ability  is  unknown. 

b.  Location.  Upper  Castanea  Reservoir  Dam  is  located 
on  Harvey's  Run  in  Castanea  Township,  Clinton  County, 
Pennsylvania.  The  city  of  Lock  Haven,  Pennsylvania  is 
situated  about  two  miles  to  the  northwest.  The  dam  and 
reservoir  are  contained  within  the  Loganton,  Pennsylvania 
7.5  minute  U.S.G.S.  topographic  quadrangle  (see  Figure  1, 
Appendix  E) .  The  coordinates  of  the  dam  are  N41°  7.0'  and 
W77°  25.2'. 

c.  Size  Classification.  Small  (27  feet  high,  43 
acre-feet  storage  capacity  at  top  of  dam) . 
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d. 


Hazard  Classification.  High  (see  Section  3.1.e). 


e.  Owner.  City  of  Lock  Haven 

20  East  Church  Street 
Lock  Haven,  Pennsylvania  17745 
Attention :  Richard  Marcinkevage 
City  Engineer 

f.  Purpose.  Water  supply. 

h.  Historical  Data.  Upper  Castanea  Reservoir  Dam 

(previously  called  the  Upper  Harvey's  Run  Dam)  was  originally 
constructed  in  1869  as  a  small  earthfill  dam.  A  concrete 
and  wood  plank  spillway  was  rebuilt  in  1889  after  flooding 
overtopped  and  damaged  the  original  facility.  In  1927  the 
facility  was  totally  rehabilitated.  The  spillway  was  re¬ 
placed  by  a  concrete  structure  while  the  geometry  and  internal 
features  of  the  embankment  were  substantially  altered  (see 
Figures  3  and  4) .  The  facility  remained  essentially  un¬ 
changed  through  1979  when  the  downstream  slope  was  regraded. 
Throughout  the  1927-79  period  the  facility  has  functioned 
adequately;  however,  historical  reports  indicate  persistent 
seepage  under  the  spillway,  around  the  18-inch  diameter 
blowoff  conduit  and  along  the  left  abutment  toe.  Lower 
Castanea  Reservoir  Dam,  located  about  1,200  feet  downstream 
from  Upper  Castanea  Reservoir  Dam,  was  overtopped  and  breach¬ 
ed  during  the  flood  of  June  1972.  The  owner  is  currently  in 
the  process  of  renovating  the  outlet  works  of  the  upper  dam. 


1.3  Pertinent  Data. 


a.  Drainage  Area  (square  miles) .  2.77 

b.  Discharge  at  Dam  Site. 

Discharge  Capacity  of  Outlet  Conduit  -  Discharge 
curves  are  not  available. 

Discharge  Capacity  of  Spillway  at  Maximum  Pool  * 
1740  cfs  (see  Appendix  D,  Sheet  10) . 

c.  Elevation  (feet  above  mean  sea  level) .  The  follow 
ing  elevations  were  obtained  from  available  drawings  and 
through  field  measurements  based  on  the  elevation  of  the 
spillway  crest  at  838.5  feet  (see  Appendix  D,  Sheets  1  and 
2)  . 

Top  of  Dam  842.7  (field). 

843.0  (design). 
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Maximum  Design  Pool 

Maximum  Pool  of  Record 

Normal  Pool 

Spillway  Crest 

Upstream  Inlet  Inverts 
12-inch  $  blowoff 
18-inch  ij)  blowoff 
Downstream  Outlet  Inverts 
12-inch  <j)  blowoff 
18-inch  <j>  blowoff 
Streambed  at  Dam  Centerline 
Maximum  Tailwater 

Not  known. 

Not  known. 

838.5 

838.5 

822.0  (estimated). 
822.7 

816.0 

816.0  (estimated) 
818.0  (estimated). 
Not  known. 

Reservoir  Lenqth  (feet) . 

Top  of  Dam 

Normal  Pool 

950 

650 

Storage  (acre-feet) . 

Top  of  Dam 

Normal  Pool 

Design  Surcharge 

43 

33 

Not  known. 

Reservoir  Surface  (acres) . 

Top  of  Dam 

Normal  Pool 

Maximum  Design  Pool 

2.7 

2.2 

Not  known. 

Dam. 

Type 

Earth . 

Length 

220  feet  (excluding 
spillway) . 

Height 

27  feet  (field 
measured;  embankment 
crest  to  invert  of 
12-inch  diameter 
blowoff) . 

Top  Width 

152  feet  (maximum) . 
23  feet  (minimum) . 

Upstream  Slope 

3H-.1V 

Downstream  Slope 

3 

3H:  IV 

Zoning 

Impervious  Core 


None  indicated 


Two-foot  thick 
concrete  corewall 
with  30-inch  base 
(see  Figure  3) . 

Cutoff  Steel  sheet  piling 

in  20-foot  lengths 
driven  below  corewall . 

Grout  Curtain  Not  indicated  in 

design  drawings; 
however,  available 
correspondence 
indicates  that 
foundation  grouting 
was  being  considered 
during  1927  reconstruc¬ 
tion.  No  grouting 
records  are  avail¬ 
able. 


Diversion  Canal  and 
Regulating  Tunnels ♦ 

Spillway. 

Type 


Crest  Elevation 
Crest  Length 
Outlet  Works. 
Type 


None. 


Free  overfall, 
rectangular,  rein¬ 
forced  concrete 
chute  channel  with  a 
round  crested, 
triangular  shaped 
weir  structure. 

838.5  feet. 

54  feet. 


Supply  -  10- inch 
diameter  cast  iron 
pipe  with  8-inch 
diameter  stream 
intake  by-pass  (see 
Figures  2  and  5) . 
Blowoff  -  18-inch 
diameter  cast  iron 
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pipe  (primary  outlet) ; 
auxiliary  12-inch 
diameter  pipe  origi¬ 
nates  at  spillway 
forebay  (incorrectly 
shown  as  an  8- inch 
diameter  pipe  in 
Figure  2) . 

Length  Approximately  150 

feet  (rough  esti¬ 
mate;  18-inch  dia¬ 
meter  pipe  inlet  to 
blowoff  outlet) . 


Closure  and  Regulating 
Facilities 


Access 


Flow  through  10-inch 
diameter  supply  pipe 
and  18-inch  diameter 
blowoff  are  control¬ 
led  by  valves  locat¬ 
ed  at  the  intake 
tower  along  the 
upstream  slope  of 
dam.  Owner  plans  to 
renovate  intake 
tower  (see  Figures  5 
and  6) .  12 -inch 

diameter  blowoff  has 
one  known  valve  at 
the  downstream  toe, 
but,  reportedly  is 
also  valved  at  the 
inlet. 

Intake  tower  is 
presently  inacces¬ 
sible,  but,  will  be 
accessible  upon  the 
completion  of  the 
planned  renovations. 
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SECTION  2 
ENGINEERING  DATA 


2.1  Design. 

a.  Design  Data  Availability  and  Sources.  No  design 
reports,  calculations,  or  formal  design  data  are  available. 
Pertinent  information  in  the  form  of  design  drawings  (dated 
1927),  state  inspection  reports,  dated  photographs,  contract 
specifications  (1927  renovation) ,  semi-monthly  construction 
progress  reports,  and  miscellaneous  correspondence  are  con¬ 
tained  in  PennDER  files.  In  addition,  the  owner  has  several 
drawings  (dated  1980)  relative  to  the  current  project  re¬ 
habilitation  available  at  the  office  of  the  city  engineer. 

b.  Design  Features. 

1.  Embankment .  Available  data  indicates  the  em¬ 
bankment  was  constructed  in  1927  atop  an  existing  earthen 
structure  as  shown  in  Figure  3.  Correspondence  contained  in 
PennDER  files  reveals  that  the  old  embankment  was  composed 
of  poor  quality  material  without  a  cutoff  trench  or  imper¬ 
vious  zone.  Consequently,  a  concrete  corewall,  cutoff 
trench  and  steel  sheet  piling  were  incorporated  into  the 
1927  design.  The  surface  of  the  old  embankment  was  reported 
ly  stripped  and  rolled  earthfill  placed  on  each  side  of  the 
corewall  in  8-inch  layers  (see  Figure  3) .  The  design  made 
available  to  the  owner  several  alternatives  for  the  final 
height  and  configuration  of  the  structure;  however,  no  as- 
built  drawings  are  available  and  the  configuration  has  been 
altered  with  placement  of  additional  material  since  1927. 

Currently,  the  embankment  measures  about  27  feet  high 
and  274  feet  long,  including  spillway.  The  crest  width 
varies  from  a  minimum  23  feet  adjacent  the  spillway  to  a 
maximum  152  feet  near  the  left  abutment.  Both  the  upstream 
and  downstream  slopes  vary  only  slightly  from  3H:1V. 

2.  Appurtenant  Structures. 

a)  Spillway.  The  spillway,  as  reconstruct¬ 
ed  in  1927,  is  a  free  overfall,  reinforced  concrete,  chute 
channel  with  a  round  crested,  triangular  shaped  weir  (see 
Figures  3  and  4) .  As  previously  indicated,  the  present 
spillway  was  constructed  atop  the  original  spillway,  incor¬ 
porating  the  original  concrete  walls  into  the  new  design. 

The  drawings  show  that  much  of  the  concrete  floor  is  support 
ed  by  a  series  of  18-inch  thick  concrete  walls  surrounded  by 
rock  fill.  The  crest  is  supported  by  an  extension  of  the 
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concrete  corewall  that  runs  the  length  of  the  embankment. 

The  original  wood  plank  floor  appears  to  have  been  removed; 
however,  the  original  crib  wall  in  the  spillway  forebay  may 
still  remain.  Figure  4  also  shows  a  valve  and  access  plat¬ 
form  within  the  spillway  approach  channel  to  control  flow  in 
the  auxiliary  12- inch  diameter  blowoff  line.  The  operability 
of  this  valve  is  presently  unknown. 

Visual  inspection  indicated  that  the  spillway  surfaces 
have  been  gunited;  however,  no  records  of  when  the  work  was 
performed  are  available. 

b)  Outlet  Works.  A  schematic  of  the  exist¬ 
ing  outlet  works  piping  Is  shown  on  Figure  5.  As  indicated 
the  supply  line  consists  of  a  10-inch  diameter  pipe  and  8- 
inch  diameter  by-pass  line  that  accepts  flow  directly  from 
the  stream  above  the  reservoir.  An  18-inch  diameter  primary 
blowoff  outlet  is  also  shown  that  discharges  at  the  downstream 
toe  of  the  embankment.  A  12-inch  diameter  auxiliary  blowoff 
is  shown  on  Figures  2  and  3  which  originates  within  the 
spillway  forebay  and  discharges  adjacent  to  the  18-inch 
diameter  blowoff  at  the  downstream  toe.  All  outlets  are 
apparently  valved  near  their  inlets  and  also  within  the 
downstream  slope  of  the  dam  (see  Appendix  A,  General  Plan) . 


c.  Specific  Design  Data  and  Criteria.  No  formal 
design  reports,  calculations,  or  specific  design  data  are 
available  for  any  aspect  of  this  facility. 


2 . 2  Construction  Records. 

Construction  records  are  limited  to  the  available  draw¬ 
ings,  specifications  and  dated  photographs,  and  miscellan¬ 
eous  correspondence  contained  in  PennDER  files. 


2 . 3  Operational  Records. 

No  formal  records  of  daily  operations  are  maintained 
for  the  facility.  A  rain  gage  is  located  at  the  sewage 
treatment  plant  in  Lock  Haven.  The  owner  intends  to  install 
a  staff  gage  at  the  facility  during  the  current  rehabilita¬ 
tion  program. 


2 . 4  Other  Investigations . 

Other  than  periodic  state  inspections  and  the  work 


associated  with  the  1927  renovation,  there  are  no  records  of 
other  formal  investigations. 


2. 5  Evaluation. 

The  available  data  are  considered  adequate  to  make  a 
reasonable  Phase  I  evaluation  of  the  facility. 


SECTION  3 
VISUAL  INSPECTION 


3.1  Observations. 


a.  General.  The  general  appearance  of  the  facility 
indicates  the  dam  and  its  appurtenances  are  currently  in 
fair  condition. 

b.  Embankment .  Observations  made  during  the  visual 
inspection  indicate  the  embankment  is  in  good  condition.  No 
evidence  of  sloughing,  erosion,  excessive  settlement,  or 
animal  burrows  was  apparent  (see  Photograph  6) .  A  small 
saturated  area  was  observed  near  the  toe  of  the  extended 
downstream  slope;  however,  it  did  not  appear  to  be  signifi¬ 
cant  at  the  time  of  inspection.  Also,  some  seepage  or 
leakage  was  noted  in  the  channel  downstream  of  the  18-inch 
diameter  blowoff  line  (see  Photograph  8) . 

c.  Appurtenant  Structures . 

1.  Spillway.  Visual  inspection  revealed  the 
spillway  to  be  in  good  condition.  Some  minor  cracking  and 
efflorescence  were  observed  on  the  gunited  spillway  crest, 
channel,  and  sidewalls  (see  Photograph  3) .  Significant 
erosion  has  occurred  along  the  left  bank  of  the  discharge 
channel,  just  downstream  of  the  spillway  (see  Photograph  10). 

2.  Outlet  Conduit.  The  operability  of  each  of 
the  outlet  conduits  is  unknown,  since  neither  the  18-inch 
diameter  primary  blowoff  nor  the  12-inch  diameter  auxiliary 
blowoff  was  operated  in  the  presence  of  the  inspection  team. 

The  above  pool  portion  of  the  intake  structure  was  observed 
to  be  badly  deteriorated  (see  Photograph  4) .  It  is  noted, 
however,  that  the  owner  has  currently  let  a  contract  to 
completely  rehabilitate  the  structure  and  the  valve  mechan¬ 
isms  (see  Figures  5  and  6).  As  noted  above,  some  seepage  or 
leakage  was  observed  in  the  channel  downstream  of  the  18- 
inch  diameter  primary  blowoff  line.  Its  outlet  was  covered 

by  rock,  soil,  and  debris,  apparently  from  the  recent  regrading 
operation  (see  Photograph  8). 

d.  Reservoir  Area.  The  general  area  surrounding  the 
reservoir  is  composed  of  steep  and  heavily  wooded  slopes 

(see  Photograph  2).  No  signs  of  slope  distress  were  observed. 

e.  Downstream  Channel.  From  the  dam,  Harvey's  Run 
flows  in  a  northwesterly  direction  through  a  moderately 
sloped,  narrow  valley,  toward  the  community  of  Castanea, 
Pennsylvania  located  less  than  one  mile  downstream,  and 


then  enters  Bald  Eagle  Creek.  Lower  Castanea  Reservoir  Dam, 
located  about  1/200  feet  downstream  of  Upper  Castanea 
Reservoir  Dam/  was  breached  in  the  flood  of  June  1972  and 
provides  no  obstruction  to  dam  outflows.  At  least  25  struc¬ 
tures  line  the  downstream  channel  between  the  dam  and  Bald 
Eagle  Creek,  and  it  is  estimated  that  more  than  100  persons 
could  be  affected  by  large  flows  associated  with  the  failure 
of  this  facility  (see  Photographs  11  and  12) .  Consequently, 
the  hazard  classification  is  considered  to  be  high. 


3.2  Evaluation. 

The  overall  condition  of  the  facility  is  considered  to 
be  fair.  Deficiencies  noted  by  the  inspection  team  include 
a  saturated  area  near  the  toe  of  the  embankment,  which 
should  be  observed  in  future  inspections,  some  seepage  or 
leakage  in  the  channel  downstream  of  the  main  blowoff  and 
significant  erosion  at  the  end  of  the  left  spillway  sidewall. 
The  debris  which  covers  the  outlet  to  the  main  blowoff 
should  be  cleaned  out,  and  the  source  of  this  flow  should  be 
determined.  Also,  it  may  be  necessary  to  monitor  this  flow. 
The  owner  stated  that  a  contract  to  rehabilitate  the  outlet 
works  has  been  let.  The  condition  of  the  auxiliary  blowoff 
line  should  also  be  assessed  and  upstream  control  restored 
or  provided. 


SECTION  4 

OPERATIONAL  PROCEDURES 


4.1  Normal  Operating  Procedure. 

Upper  Castanea  Reservoir  Dam  is  essentially  a  self¬ 
regulating  facility.  Excess  inflow  is  automatically  dis¬ 
charged  through  the  uncontrolled  spillway.  Presently,  all 
valves  on  the  outlet  works  are  closed  except  for  the  upstream 
inlet  which  is  always  open.  Flow  through  the  supply  line  is 
controlled  by  a  pressure  regulator  located  downstream  of  the 
dam.  No  formal  operations  manual  is  available;  however, 
standard  procedures  will  reportedly  be  formalized  upon  com¬ 
pletion  of  current  renovations. 


4.2  Maintenance  of  Dam. 

No  formal  maintenance  procedures  are  established  and  no 
maintenance  manual  is  available.  The  facility  is  currently 
undergoing  a  series  of  extensive  renovations.  At  present, 
maintenance  is  performed  on  an  as-needed  basis  by  city  of 
Lock  Haven  personnel. 

4.3  Maintenance  of  Operating  Facilities. 

See  Section  4.2  above. 


4.4  Warning  System. 

The  city  of  Lock  Haven  has  established  a  formal  reservoir 
monitoring  procedure  which  is  applicable  for  all  of  their 
water  impounding  facilities.  The  plan  includes  around-the- 
clock  surveillance  procedures  during  periods  of  unusually 
heavy  precipitation. 


4.5  Evaluation. 


The  facility  is  currently  undergoing  extensive  renova¬ 
tions.  It  is  reported  that  upon  completion  of  the  remedial 
work  formal  manuals  of  operations  and  maintenance  are  to  be 
developed.  These  manuals  are  recommended  to  ensure  the 
future  proper  care  and  operation  of  the  facility.  The 
established  reservoir  monitoring  procedures  should  be  incor¬ 
porated  into  these  manuals. 


11 


SECTION  5 

HYDROLOGIC/HYDRAULIC  EVALUATION 


5.1  Design  Data. 

No  formal  design  reports  are  available.  Information 
contained  in  PennDER  files  indicates  that  the  spillway  was 
designed  with  a  discharge  capacity  of  about  1900  cfs  which 
was  considered  ample  in  1927. 


5.2  Experience  Data. 

Daily  records  of  reservoir  levels  and/or  spillway  dis¬ 
charge  are  not  available.  Discussions  with  the  owner's 
representative  indicated  the  largest  flood  in  recent  years 
occurred  in  June  1972.  Heavy  flows  during  this  flood  result¬ 
ed  in  the  overtopping  and  breaching  of  Lower  Castanea  Reservoir 
Dam,  a  much  smaller  facility  located  about  1,200  feet  down¬ 
stream.  Upper  Castanea  Reservoir  Dam  was  reported  not  to 
have  overtopped  during  this  flood. 


5.3  Visual  Observations. 


On  the  date  of  inspection,  no  conditions  were  observed 
that  would  indicate  the  spillway  could  not  function  satis¬ 
factorily  during  a  flood  event,  within  the  limits  of  its 
design  capacity. 


5.4  Method  of  Analysis. 

The  facility  has  been  analyzed  in  accordance  with  the 
procedures  and  guidelines  established  by  the  U.  S.  Army, 
Corps  of  Engineers,  Baltimore  District,  for  Phase  I  hydro- 
logic  and  hydraulic  evaluations.  The  analysis  has  been 
performed  utilizing  a  modified  version  of  the  HEC-1  program 
developed  by  the  U.  S.  Army,  Corps  of  Engineers,  Hydrologic 
Engineering  Center,  Davis,  California.  Analytical  capabili¬ 
ties  of  the  program  are  briefly  outlined  in  the  preface 
contained  in  Appendix  D. 


5. 5  Summary  of  Analysis. 

a.  Spillway  Design  Flood  (SDF) .  In  accordance  with 
the  procedures  and  guidelines  contained  in  the  National 
Guidelines  for  Safety  Inspection  of  Dams  for  Phase  I  Investi 
gations,  the  Spillway  Design  Flood  (SDF)  for  Upper  Castanea 


Reservoir  Dam  ranges  between  the  1/2  PMF  (Probable  Maximum 
Flood)  and  the  PMF.  This  classification  is  based  on  the 
relative  size  of  the  dam  (small) ,  and  the  potential  hazard 
of  dam  failure  to  downstream  developments  (high) .  Due  to 
the  high  potential  for  downstream  damage  and  loss  of  life, 
the  SDF  for  this  facility  is  considered  to  be  the  PMF. 

b.  Results  of  Analysis.  Upper  Castanea  Reservoir  Dam 
was  evaluated  under  normal  operating  conditions.  That  is, 
the  reservoir  was  assumed  to  initially  be  at  its  normal  pool 
or  spillway  elevation  of  838.5  feet,  with  the  low  level 
blowoff  lines  closed  and  the  spillway  discharging  freely. 

The  10-inch  diameter  supply  line  is  normally  open,  however, 
its  draw  on  the  reservoir  was  considered  to  be  insignificant 
due  to  its  small  discharge  capacity.  The  spillway  is  a  free 
overfall,  rectangular,  reinforced  concrete  chute  channel, 
with  discharges  controlled  by  a  round  crested,  triangular 
shaped  weir  structure. 

The  total  reservoir  drainage  area  was  divided  into 
three  separate  subareas  in  the  analysis  in  order  to  more 
accurately  assess  the  runoff  characteristics  of  the  total 
basin  (Appendix  E,  Figure  1).  Reservoir  storage  values 
below  normal  pool  were  estimated  from  a  capacity  curve 
obtained  from  the  owner.  The  necessary  downstream  channel 
routing  was  done  under  the  assumption  that  the  stream  was 
dry  prior  to  the  inflow  of  the  dam  outflow.  All  pertinent 
engineering  calculations  relative  to  the  evaluation  of  this 
facility  are  provided  in  Appendix  D. 

Overtopping  analysis  (using  the  Modified  HEC-1  Computer 
Program)  indicated  that  the  discharge/storage  capacity  of 
Upper  Castanea  Reservoir  Dam  can  accommodate  only  about  40 
percent  of  the  PMF  (SDF)  prior  to  embankment  overtopping 
(Appendix  D,  Summary  Input/Output  Sheets,  Sheet  K) .  The  low 
top  of  dam  was  inundated  by  depths  of  water  of  0.5  and  2.3 
feet  under  the  1/2  PMF  and  PMF  events,  respectively  (Summary 
Input/Output  Sheets,  Sheet  K) .  Therefore,  since  the  SDF  for 
this  facility  is  the  PMF,  Upper  Castanea  Reservoir  Dam  has  a 
high  potential  for  overtopping,  and  thus,  for  breaching 
under  floods  of  less  than  PMF  magnitude. 

Since  Upper  Castanea  Reservoir  Dam  cannot  safely  handle 
a  flood  of  at  least  1/2  PMF  magnitude,  the  possibility  of 
embankment  failure  under  floods  of  1/2  PMF  intensity  or  less 
was  investigated  (in  accordance  with  Corps  directive  ETL- 
1110-2-234) .  Several  feasible  alternatives  were  analyzed 
since  it  is  difficult,  if  not  impossible,  to  determine 
exactly  how  or  if  a  specific  dam  will  fail.  The  major 
concern  of  the  breaching  evaluations  is  with  the  impact  of 
the  various  breach  discharges  on  increasing  downstream  water 


surface  elevations  above  those  to  be  expected  if  breaching 
did  not  occur. 


The  Modified  HEC-1  Computer  Program  was  used  for  the 
breaching  analysis  with  the  assumption  that  the  breaching  of 
an  earth  dam  would  begin  once  its  reservoir's  water  level 
reached  the  low  top  of  dam  elevation. 

Two  sets  of  breach  geometry  were  evaluated  for  the 
Upper  Castanea  Reservoir  Dam  for  each  of  two  failure  times 
(Appendix  D,  Sheet  18) .  The  two  breach  sections  chosen  were 
considered  to  be  the  minimum  and  maximum  probable  failure 
sections.  The  two  failure  times  (total  time  for  each  breach 
section  to  reach  its  final  dimensions)  under  which  the  two 
breach  sections  were  investigated  were  assumed  to  be  a  rapid 
time  (0.5  hours)  and  a  prolonged  time  (4.0  hours),  so  that  a 
range  of  this  most  sensitive  variable  might  be  examined.  In 
addition,  an  average  set  of  breach  conditions  was  analyzed, 
with  a  failure  time  of  1.0  hour. 

The  maximum  section,  in  the  case  of  the  Upper  Castanea 
Reservoir  Dam,  refers  to  the  probable  largest  breach  section 
through  the  thin  portion  of  the  dam.  The  embankment  consists 
of  a  broad  portion  for  a  length  of  approximately  110  feet, 
ard  a  thin  portion  for  a  length  of  approximately  110  feet 
(Appendix  D,  Sheet  19) .  It  is  assumed  that  the  thin  portion 
would  fail  before  the  broad  portion,  and  thus,  the  broad 
portion  would  probably  not  contribute  to  the  failure  outflows. 
Also,  since  the  dam  has  a  concrete  corewall,  the  possibility 
of  an  instantaneous  or  near- instantaneous  embankment  failure 
exists.  However,  time  limitations  within  the  Modified 
HEC-1  Computer  Program  prohibited  the  evaluation  of  such  a 
failure. 

The  peak  breach  outflows  (resulting  from  a  0.41  PMF 
overtopping)  ranged  from  about  1,770  cfs  for  the  minimum 
section-maximum  fail  time  scheme  to  about  2,900  cfs  for  the 
maximum  section-minimum  fail  time  scheme  (Appendix  D,  Sheet  20) . 
The  peak  outflow  for  the  average  breach  scheme  was  about 
2,320  cfs,  compared  to  the  non-breach  0.41  PMF  peak  outflow 
of  about  1,770  cfs  (Summary  Input/Output  Sheets,  Sheets  Q 
and  K) .  At  Section  9  (see  Figure  1) ,  located  about  3820  feet 
downstream  from  the  dam,  the  maximum  water  surface  elevation 
resulting  from  the  average  breach  scheme  was  about  0.5-foot 
above  the  0.41  PMF  non-breach  elevation,  and  above  the 
damage  levels  of  some  of  the  residences.  At  Section  10  (see 
Figure  1) ,  located  about  4780  feet  downstream  from  the  dam, 
the  peak  water  level  resulting  from  the  average  breach 
scheme  was  about  1.8  feet  above  the  maximum  non-breach 
elevation,  and  again,  above  the  damage  levels  of  some  of  the 
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residences.  It  is  noted,  however,  that  even  under  non¬ 
breach  0.41  PMF  conditions,  there  would  be  some  damage  at 
Section  10  (see  Appendix  D,  Sheets  17,  21) . 

The  consequences  of  dam  failure  can  be  better  envisioned 
if  not  only  the  increase  in  the  height  of  the  floodwave  is 
considered,  but  also  the  great  increase  in  the  momentum  of 
the  larger  and  probably  swifter  moving  volume  of  water.  In 
addition,  there  is  the  possibility  of  a  more  severe  (more 
rapid)  failure  than  was  considered  here,  due  to  the  presence 
of  a  concrete  corewall  within  the  embankment.  Therefore, 
the  failure  of  Upper  Castanea  Reservoir  Dam  is  quite  possible, 
and  will  most  probably  lead  to  increased  property  damage  and 
possibly  to  increased  loss  of  life  within  the  downstream 
community. 


5.6  Spillway  Adequacy. 

As  presented  previously,  under  existing  conditions. 
Upper  Castanea  Reservoir  Dam  can  accommodate  only  40  percent 
of  the  PMF  (SDF)  prior  to  embankment  overtopping.  Should  a 
0.41  PMF  or  larger  event  occur,  the  dam  would  be  overtopped 
and  could  possibly  fail,  endangering  the  residences  and 
increasing  the  potential  for  loss  of  life  in  the  downstream 
community.  Therefore,  the  spillway  is  considered  to  be 
seriously  inadequate. 
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SECTION  6 

EVALUATION  OF  STRUCTURAL  INTEGRITY 


6.1  Visual  Observations. 


a.  Embankment.  Based  on  visual  observations,  the 
embankment  appears  to  be  in  good  and  stable  condition. 

There  is  no  erosion  evident  on  the  recently  regraded  down¬ 
stream  slope  or  on  the  upstream  slope.  Minor  seepage  was 
noted  near  the  downstream  toe  of  the  extended  section  near 
the  left  abutment,  but,  is  considered  insignificant.  Sub¬ 
stantial  flow  was  observed  in  the  discharge  channel  down¬ 
stream  of  the  primary  blowoff  outlet.  The  source  of  flow 
could  not  be  ascertained  as  the  blowoff  outlet  apparently 
was  inadvertently  covered  by  rock  and  debris  during  the 
recent  regrading  work. 

b.  Appurtenant  Structures. 

1.  Spillway.  The  spillway  structure  appears 
adequately  maintained  and  in  good  condition.  Significant 
erosion  has  occurred  at  the  lower  left  end  of  the  spillway 
and  should  be  repaired.  The  spillway  structure  has  been 
gunited  and  exhibits  some  cracking  and  efflorescence,  but, 
appears  structurally  sound. 

2.  Outlet  Works.  The  intake  tower  is  currently 
dilapidated,  but,  due  for  major  renovation  (see  Figures  5 
and  6) .  Upstream  control  is  provided  on  all  pipes  dis¬ 
charging  from  the  tower  and  will  be  maintained  in  the  reno¬ 
vation.  The  status  and  operability  of  the  auxiliary  blowoff 
line  that  originates  in  the  spillway  forebay  area  is  unknown 
and  should  be  assessed  during  the  planned  renovation. 


6.2  Design  and  Construction  Techniques. 

Available  data  indicates  that  the  existing  facility 
contains  the  essential  elements  of  modern  design.  The  owner 
is  actively  renovating  the  facility  to  restore  and/or  main¬ 
tain  operability  of  essential  elements. 


6.3  Past  Performance. 


Available  data  indicates  the  facility  has  satisfac¬ 
torily  performed  since  the  major  renovation  in  1927.  The 
flood  of  June  1972  was  passed  successfully  although  the 
owner  indicated  that  fill  was  added  to  the  embankment  crest 
during  the  storm  to  preclude  overtopping.  Leakage  at  the 


blowoff  conduit,  spillway  toe  and  left  abutment  have  been 
historically  noted. 


6. 4  Seismic  Stability. 

The  dam  is  located  within  Seismic  Zone  No.  1  and,  thus, 
may  be  subject  to  minor  earthquake  induced  dynamic  forces. 

As  the  embankment  appears  statically  stable,  it  is  believed 
that  it  can  withstand  the  anticipated  dynamic  forces;  however, 
no  calculations  and/or  investigations  were  performed  to 
confirm  this  opinion. 


SECTION  7 

ASSESSMENT  AND  RECOMMENDATIONS  FOR  REMEDIAL  MEASURES 


7 . 1  Dam  Assessment. 

a.  Safety.  The  visual  inspection  suggests  the  facil¬ 
ity  is  in  fair  condition. 

The  size  classification  of  the  facility  is  small  and 
its  hazard  classification  is  high.  In  accordance  with  the 
recommended  guidelines,  the  Spillway  Design  Flood  (SDF) 
ranges  between  the  1/2  PMF  (Probable  Maximum  Flood)  and  the 
PMF .  Due  to  the  high  potential  for  damage  to  downstream 
structures  and  possibly  loss  of  life,  the  SDF  is  considered 
to  be  the  PMF.  Results  of  the  hydrologic  and  hydraulic 
analysis  indicate  the  facility  will  pass  and/or  store  only 
about  40  percent  of  the  PMF  prior  to  embankment  overtopping. 
A  breach  analysis  indicates  that  failure  under  less  than  1/2 
PMF  conditions  could  lead  to  increased  property  damage  and 
possibly  loss  of  life  in  the  downstream  reaches.  Thus, 
based  on  the  screening  criteria  contained  in  the  recommended 
guidelines,  the  spillway  is  considered  to  be  seriously  in¬ 
adequate  and  the  facility  unsafe,  non-emergency. 

Deficiencies  noted  by  the  inspection  team  include 
seepage  or  leakage  from  the  primary  blowoff  outlet  conduit, 
a  debris  covered  outlet  end  on  the  conduit,  erosion  at  the 
left  downstream  end  of  the  spillway,  a  minor  saturated  area 
near  the  left  downstream  toe  of  the  embankment  and  a  dilapi¬ 
dated  intake  tower  (currently  being  renovated) . 

b.  Adequacy  of  Information.  The  available  data  are 
considered  sufficient  to  make  a  reasonable  Phase  I  assess¬ 
ment  of  the  facility. 

c.  Urgency-  The  recommendations  and  studies  listed 
below  should  be  implemented  immediately. 

d.  Necessity  for  Additional  Studies.  Additional 
studies  to  further  assess  the  adequacy  of  the  spillway 
system  are  considered  necessary. 


7.2  Recommendations/Remedial  Measures . 

It  is  recommended  that  the  owner  immediately: 

a.  Have  the  facility  evaluated  by  a  registered  pro¬ 
fessional  engineer  experienced  in  the  hydraulics  and  hydro- 
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logy  of  dams  to  further  assess  the  discharge  capacity  of  the 
spillway  facilities  and  take  remedial  measures  deemed  neces¬ 
sary  to  make  the  facility  hydraulically  adequate. 

b.  Proceed  with  the  proposed  plans  to  rehabilitate 
the  outlet  works. 

c.  Assess  the  status  and  operability  of  the  auxiliary 
blowoff  conduit  and  restore  and/or  provide  upstream  control. 

d.  Uncover  the  outlet  end  of  the  primary  blowoff  and 
assess  the  origin  and  extent  of  seepage  and/or  leakage  at 
this  location  during  the  rehabilitation  of  the  outlet  works. 

e.  Provide  adequate  erosion  protection  of  the  left 
channel  wall  immediately  downstream  of  the  spillway. 

f.  Specifically  observe  the  saturated  area  along  the 
downstream  embankment  toe  near  the  left  abutment  in  all 
future  inspections. 

g.  Formalize  manuals  of  maintenance  and  operation  to 
ensure  proper  future  care  of  the  facility.  Included  in  the 
manuals  should  be  the  established  reservoir  monitoring 
procedures. 


APPENDIX  A 


VISUAL  INSPECTION  CHECKLIST  AND  FIELD  SKETCHES 
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RESERVOIR  AREA  AND  DOWNSTREAM  CHANNEL 
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GAl  CONSULTANTS,  INC. 


CHECKLIST  NDIID#  pa-00393 

HYDROLOGIC  AND  HYDRAULIC  PENNDER  ID  #  18-7 

ENGINEERING  DATA 

SIZE  OF  DRAINAGE  AREA:  2.77  square  miles. _ 

ELEVATION  TOP  NORMAL  POOL:  838.5  STORAGE  CAPACITY:  32.8  acre-feet. 
ELEVATION  TOP  FLOOD  CONTROL  POOL:  ~  STORAGE  CAPACITY:  - 

ELEVATION  MAXIMUM  DESIGN  POOL:  .  -  STORAGE  CAPACITY: _ - 

ELEVATION  TOP  DAM:  842.7  STORAGE  CAPACITY:  43.0  acre-feet. _ 

SPILLWAY  DATA 

CREST  ELEVATION:  838.5  feet. _ 

TYPE;  Uncontrolled,  rectangular,  concrete  chute. _ 

CREST  LENGTH:  54.0  feet _ 

CHANNEL  LENGTH:  112  feet  (inclnrieg  approach  anil  digrhargp  fhannclc) 

SPILLOVER  LOCATION:  Right  abutment. _ 

NUMBER  AND  TYPE  OF  GATES:  None. _ 

OUTLET  WORKS 

TYPE:  Concrete  tower  with  cast  iron  pines  and  valves. _ 

LOCATION:  Within  upstream  slope  near  axis  of  dam. _ 

ENTRANCE  INVERTS:  Approximately  823  feet. _ 

EXIT  INVERTS:  Approximately  816  feet. _ 

EMERGENCY  DRAWDOWN  FACILITIES:  12"4>  and  18"$  blowoff  lines. _ 

HYDROMETEOROLOGICAL  GAGES 

TYPE:  Bain  gage. _ 

LOCATION:  Sewage  Treatment  Plant  in  Lock  Haven. _ 

RECORDS:  At  treatment  plant. _ 

MAXIMUM  NON-DAMAGING  DISCHARGE:  June  1972  (Lower  dam  breached). 
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APPENDIX  C 
PHOTOGRAPHS 


leakage 


PHOTOGRAPH  1  View  across  the  embankment  crest  as  seen  from  the  right 


PHOTOGRAPH  5  View  of  the  upstream  embankment  face  to  the  left  of 
the  intake  tower  looking  toward  the  left  abutment. 
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APPENDIX  D 

HYDROLOGY  AND  HYDRAULICS  ANALYSES 


*  " 


PREFACE 


The  modified  HEC-1  program  is  capable  of  performing  two 
basic  types  of  hydrologic  analyses:  1)  the  evaluation  of 
the  overtopping  potential  of  the  dam;  and  2)  the  estimation 
of  the  downstream  hydrologic-hydraulic  consequences  result¬ 
ing  from  assumed  structural  failures  of  the  dam.  Briefly, 
the  computational  procedures  typically  used  in  the  dam  over¬ 
topping  analysis  are  as  follows: 

a.  Development  of  an  inflow  hydrograph (s)  to  the 
reservoir. 


b.  Routing  of  the  inflow  hydrograph (s)  through  the 
reservoir  to  determine  if  the  event  (s)  analyzed  would  over- 

-  top  the  dam. 

c.  Routing  of  the  outflow  hydrograph (s)  from  the 
reservoir  to  desired  downstream  locations.  The  results 
provide  the  peak  discharge (s) ,  time(s)  of  the  peak  dis¬ 
charge  (s),  and  the  maximum  stage (s)  of  each  routed  hydro¬ 
graph  at  the  downstream  end  of  each  reach. 

The  evaluation  of  the  hydrologic-hydraulic  consequences 
resulting  from  an  assumed  structural  failure  (breach)  of  the 
dam  is  typically  performed  as  shown  below. 

a.  Development  of  an  inflow  hydrograph (s)  to  the 
reservoir . 


b.  Routing  of  the  inflow  hydrograph (s)  through  the 
reservoir . 

c.  Development  of  a  failure  hydrograph (s)  based  on 
specified  breach  criteria  and  normal  reservoir  outflow. 

d.  Routing  of  the  failure  hydrograph (s)  to  desired 
downstream  locations.  The  results  provide  estimates  of  the 
peak  discharge (s) ,  time(s)  to  peak  and  maximum  water  surface 
elevations  of  failure  hydrographs  for  each  location. 
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HYDROLOGY  AND  HYDRAULIC  ANALYSIS 
DATA  BASE 


NAME  OF  DAM:  UPPER  CASTANEA  RESERVOTP  DAM _ 

PROBABLE  MAXIMUM  PRECIPITATION  (PMP)  =  77  6  INCHES/ 2 4  HOURS 


STATION 

1 

2 

3 

STATION  DESCRIPTION 

HARVEY'S  RUN 

SUB-BASIN 

gamma 

LOCAL  RESERVOII 

SUB-BASIN 

DRAINAGE  AREA  (SQUARE  MUSS) 

0.78 

1.93 

0.06 

CUMULATIVE  DRAINAGE  AREA 

2.77 

(SQUARE  MUSS) 

AEJUSTMENT  CT  PMF  FOR 

DRAINAGE  AREA  LOCATION  (V,  U 

6  -OCRS 

117.5 

117.5 

117.5 

12  HOURS 

127.0 

127.0 

127.0 

24  SOURS 

136.0 

136.0 

136.0 

48  SOURS 

142.5 

■  142.5 

■ 

SNYDER  HYDRCGRAPH  PARAMETERS 
ZONE  (2) 

20 

20 

20 

Co  (3) 

0.40 

0.40 

0.40 

Ct  (3) 

2.10 

2.10 

2.10 

L  (MILES)  (4) 

1.7 

2.6 

N/A 

Lca (MILES)  (4) 

0.8 

1.5 

N/A 

L'  (MILES)  (4) 

N/A 

N/A 

0.3 

t  (MILES)  (5) 

2.30 

3.16 

j  1.02 

P 

spillway  data 

CREST  LENGTH  (FEET) 


FRES3CARC 


4.2 
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GEOLOGY 
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Geology. 

)  Upper  Castanea  Reservoir  Dam  is  located  on  Harvey's  Run 

i  in  the  Appalachian  Mountain  Section  of  the  Valley  and  Ridge 

I  Province  of  north-central  Pennsylvania,  slightly  south  of 

!  the  Allegheny  front.  The  Appalachian  Mountain  Section  is 

j  composed  of  a  broad  band  of  long,  narrow  mountain  ridges  and 

intermontane  valleys  which  cross  the  state  from  the  south- 
{  central  border  nearly  to  the  northeast  corner.  Intense 

j  lateral  paleocompression  from  the  southeast  produced  a 

'  series  of  high  amplitude  anticlines  and  synclines  whose  axes 

generally  trend  in  a  southwest-northeast  direction.  Folding 
was  followed  by  uplift  and,  subsequent  erosion  cut  valleys 
in  the  soft  nonresistant  beds  and  left  the  hard,  resistant 
strata  as  ridges. 

Structurally,  the  dam  and  reservoir  lie  on  the  northern 
j  flank  of  Bald  Eagle  Mountain,  about  2  miles  north  of  the 

i  axial  trace  of  the  Nittany  anticline.  The  strata  underlying 

1  the  dam  and  reservoir  dips  downstream  in  a  northwesterly 

direction  at  about  40  degrees. 

The  strata  immediately  underlying  the  dam  and  abutments 
are  members  of  the  uppermost  portion  of  the  Juniata  Formation 
of  Ordivician  age.  The  Juniata  Formation  is  composed  almost 
wholly  of  red  or  brown  shale  and  sandstone.  The  sandstones 
are  generally  fine-grained,  micaceous,  and  in  part,  cross- 
bedded.  The  shales  are  sandy  and  somewhat  micaceous.  The 
formation  is  non-fossiliferous  throughout,  but,  contains 
some  desiccation  cracks  and  ripple  marks  suggesting  its 
terrestrial  origin. 

From  various  PennDER  memoranda  the  bedrock  at  the  site 
is  described  as  "natural  red  shale  rock"  and  that  "along 
both  sides  of  the  reservoir,  sandstone  ledges  crop  out."  In 
addition,  "this  rock  formation  dips  downstream  at  a  sharp 
angle  and  has  open  seams  vertically  and  along  the  bedding 
plane. " 


Lohman,  Stanley  W. ,  "Ground  Water  in  South-Central  Pennsylvania", 
Pennsylvania  Geologic  Survey,  Fourth  Series,  Bulletin  W4, 

1938. 


UPPER  CASTANEA 
RESERVOIR  DAM 


LEGEND 


EH 


SILURIAN 

Kaysar  Formation,  limestone ;  Tonoloway  Formation, 
lime  atone ;  Willi  Croak  Formation,  akale;  Bloomaburq 
Formation,  that*  and  eitletone ;  NcKaniia  Formation, 
a halt  and  limtttona . 


Clinton  Croup;  Predominantly  Rota  Rill  Formation  -  Reddish  purple 
to  greeneih  gray,  tkin  to  medium  bedded,  foesitiferoue  ehale  with 
intertonguing  “ iron  sandstones''  and  loeal  gray,  foeti liferoue  lime¬ 
stone;  Above  the  Rose  Rill  is  brown  to  white  quartsitie  sandetone 
(Keefer)  interbedded  upward  with  dark  gray  ehale  (Rochester) . 


Tuscarora  Formation;  White  to  gray,  medium  to  thiok  bedded  fine 
grained,  quartaitia  eandstone,  oonglomeratio  in  part. 
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Juniata  Formation;  Red,  fine  grained  to  oonglomeratio,  quartsitio 
sandstone  with  well  developed  oross-bedding  and  with  interbedded 
red  ehale  in  plaoee. 


I  *  I 


Bald  Eaqla  Formation;  Gray  to  greeneih  gray,  fine  grained  to  oon¬ 
glomeratio,  thiok  bedded  sandstone;  often  iron-speckled,  and  cross- 
bedded;  tome  greenish  fray  shale  in  places. 

Raadsvilla  Formation;  Dark  gray,  olive  weathering  shale  uith  thin 
silty  to  sandy  interbeds;  black  shale  of  Antes  Formation  at  the 
base. 


Coburn  Formation,  limestone;  Salona  Formation,  lime¬ 
stone;  Naalmont  Formation,  limestone;  Curtin  Formation, 
limestone;  Bannar  Formation,  dolomite  and  limestone; 
Hattar  Formation,  limestone ;  Loyaburg  Formation, 
limestone. 

Baakmantown  Group  (Ballafonta  Formation,  dolomite; 
Axamann  Formation,  limestone ;  Nittany  Formation,  dolo¬ 
mite;  Stonahadqa-Larka  Formation,  limestone) . 
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